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@ Method of manufacturing a semiconductor device provided with a number of pn Junctions 
separated each time by depression, and semiconductor device provided with a number of pn 
Junctions separated each time by a depression. 
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© The invention relates to a method of manufactur- 
ing semiconductor devices whereby a pn junction (2) 
is provided in a slice of semiconductor material (1) 
parallel to the main surfaces (3. 6) thereof, after 

3 which depressions (4) are provided in a main surface 
(3) cutting through the pn junction (2), so that mutu- 
(V) ally separated pn junctions (2a. 2b, 2c) are created, 
^ and the slice (1) is split up into separate semlcon- 
^ ductor bodies (10) at the areas of some of these 
00 depressions (4a, 4c), each body comprising a num- 
O ber of the pn junctions (2a. 2b). while a layer of 
^ insulating m^erial (5) is provided on walls of the 
O depressions (4). According to the invention, the de- 
£^ pressions (4) are provided in one main surface (3) 
ill only of the slice (1), and the layer of insulating 
material (5) is provided before the slice (1) is split up 
into separate semiconductor bodies (10). It is 



achieved by this that the insulating layer (5) can be 
applied to the walls of the depressions (4) in a 
simple manner. 
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The invention relates to a method of manufac- 
turing semiconductor devices whereby a pn junc- 
tion extending parallel to main surfaces of a slice of 
semiconductor materia! is provided in said slice, 
after which depressions are provided in a main 
surface which cut through the pn junction, so that 
mutually insulated pn junctions are created, and 
the slice is split up into separate semiconductor 
bodies at the areas of some of said depressions, 
each body comprising a number of the pn junc- 
tions, while a layer of insulating material is pro- 
vided on walls of the depressions. The invention 
also relates to a semiconductor device provided 
with a number of pn junctions separated each time 
by a depression. 

The method serves to manufacture semicon- 
ductor devices which comprise bodies provided 
with a number of insulated pn junctions separated 
from one another by depressions. Semiconductor 
material below the depression forms an electrical 
connection between regions at one side of the pn 
junctions, so that these regions can be connected 
through one connection point. The regions at the 
other side of the pn junctions are separated from 
one another by the depressions. These regions can 
be connected each to a connection point which is 
separate for the relevant pn junction. Thus, for 
example, a number of diodes provided with a com- 
mon anode or cathode, or a number of transistors, 
for example having a common collector or emitter, 
may be manufactured. 

The slice of semiconductor material is provided 
with a doped surface zone In a usual manner, for 
example, by diffusion, which zone forms the pn 
junction with the material of the slice. The depres- 
sions may be provided in various ways, for exam- 
ple, in that a portion of a surface of the slice is 
covered and the uncovered portion is etched away, 
or in that grooves are sawn into the surface. Split- 
ting-up of the slice of semiconductor material into 
separate semiconductor bodies takes place, for ex- 
ample, in that the slice is etched, sawn, or broken 
through. The depressions cut through the pn junc- 
tion, so that the pn junction comes to the surface 
on walls of the depressions. An insulating layer, for 
example of glass or oxide, Is accordingly provided 
on these walls, for example, by electrophoresis or 
chemical vapour deposition (CVD). 

US Patent 3,699,402 discloses a method of the 
kind mentioned in the opening paragraph whereby 
depressions In the form of a system of parallel 
grooves are provided in each of two main surfaces 
of the slice of semiconductor material. The grooves 
in the one main surface have a longitudinal direc- 
tion which is transverse to that in the other main 
surface. The slice is split up into separate semicon- 
ductor bodies in that the slice is separated at the 
area of each groove in the one main surface and at 



the area of every other groove in the other main 
surface. Separate semiconductor bodies compris- 
ing two diodes each are thus created. A layer of 
insulating material Is finally provided on the walls of 

5 the grooves. 

The known method described has the disad- 
vantage that the provision of a layer of insulating 
material on the groove walls is difficult because it 
is provided after the slice has been split up into 

10 separate semiconductor bodies. The semiconduc- 
tor bodies are then comparatively small and there- 
fore difficult to handle. Since grooves are made in 
both main surfaces of the slice, in addition, the 
bodies must be provided with an insulating layer on 

75 both sides. 

The invention has for its object to provide a 
method whereby the provision of the insulating 
layer on walls is simplified. 

According to the invention, the method is for 

20 this purpose characterized in that the depressions 
are provided in one main surface of the slice only 
and in that the layer of insulating material is pro- 
vided before splittlng-up of the slice. 

It is achieved in this way that the provision of 

25 the Insulating layer on the walls of the depressions 
can take place In a simple manner in that an 
insulating layer is provided in all depressions while 
the slice of semiconductor material has not yet 
been split up into separate semiconductor bodies. 

30 One slice of semiconductor material is easier to 
handle than the many separate bodies in the 
known method. In addition, this layer need be 
provided on depressions in one main surface only 
now. 

35 The invention is based on the recognition that 
it is not necessary to cover surfaces created after 
splitting-up of the slice with the insulating layer. 
These surfaces are covered in the known method, 
but it is found to be possible in practice to manu- 

40 facture good semiconductor devices without the 
surfaces which arise during splitting-up being pro- 
vided with a insulating layer. 

In the known method, semiconductor bodies 
are manufactured with pn junctions mutually in- 

45 sulated by means of depressions, so that semicon- 
ductor material below these depressions forms an 
electrical connection between regions at one side 
of the pn junctions. It Is found In practice that such 
a junction often is not of a sufficiently low ohmic 

50 value. In the known method, accordingly, the semi- 
conductor bodies are provided on an insulating 
substrate provided with a conductive layer which 
short-circuits the semiconductor material below the 
depression. In the method according to the inven- 

55 tion, preferably, the slice of semiconductor material 
Is fastened on an electrically conducting auxiliary 
slice, preferably made of the semiconductor ma- 
terial, beiOTQ the depressions are provided, after 



2 



3 



EP 0 603 973 A2 



4 



which the auxiliary slice Is split up together with the 
slice of semiconductor material. The separate 
semiconductor bodies then comprise a number of 
pn junctions on one support body which can act as 
a common connection electrode. Regions at one 
side of the pn junctions are electrically satisfac- 
torily interconnected because of the electrical con- 
duction of the support body. So it is not absolutely 
necessary to mount the bodies on a substrate 
having a conductive top layer, as in the known 
method. When the auxiliary slice Is chosen to be of 
the same material as the slice of semiconductor 
material, problems arising from differences in ex- 
pansion coefficients between the auxiliary slice and 
the slice of semiconductor material are non-exis- 
tent. 

The slice of semiconductor material is weak- 
ened by the provision of the depressions. When 
the semiconductor body is placed, for example, on 
a pc-board, the semiconductor body may fracture 
at the areas of depressions. Preferably, therefore, 
the method is characterized in that the layer of 
Insulating material is provided to such a thickness 
that the depressions are substantially entirely filled 
with insulating material. The semiconductor body 
now is much stronger so that problems in the 
placement of the semiconductor body are avoided. 

In an advantageous embodiment of the method 
according to the invention, the layer of insulating 
material is provided through filling of the depres- 
sions with a glass dispersion and subsequently 
subjecting the auxiliary slice together with the slice 
to a heat treatment. The layer of insulating material 
may thus be provided in a simple manner and with 
sufficient accuracy in the depressions* for example, 
with a dispensing device such as a nozzle. It is not 
necessary then to screen surfaces which are not to 
be covered by the insulating layer. The glass dis- 
persion is sintered by the elevated temperature of 
the heat treatment, so that the layer of insulating 
material is given good insulating and passivating 
properties. 

The auxiliary slice and the slice of semicon- 
ductor material are split up into bodies at the 
locations of depressions, for example, through 
breaking, etching or sawing. Preferably, depres- 
sions are provided to a certain given width and 
sptitting-up takes place through sawing, the width 
of the depressions being chosen to be greater than 
that of a sawcut used during sawing. Such a width 
for the depressions renders it possible to split up 
the auxiliary slice and the slice of semiconductor 
material without the layer of insulating material 
being damaged where this layer of insulating ma- 
terial is provided over the pn junction. Sawing 
preferably takes place from the upper side of tiie 
semiconductor slice. Splitting-up can then take 
place with greater accuracy because the depres- 



sions are visible and it can be immediately 
checked whether the sawcut is applied in the cor- 
rect position. The comparatively great width of the 
depression also renders it easier to provide the 

5 glass dispersion which is necessary for passivating 
the walls of the depression. 

An additional advantage is obtained when the 
depressions are provided through the removal of 
material from the slice of semiconductor material 

70 by means of a bombardment with abrasive par- 
ticles. In such a process, also called sand blasting 
or shot peening, as applicable, portions of the slice 
of semiconductor material can be removed in a 
simple manner and with a comparatively high accu- 

75 racy. Such a method has the additional advantage 
over, for example, an etching process, tinat it is an 
environmentally comparatively clean method be- 
cause the abrasive particles can be collected and 
re-used afterwards. In addition, depressions with a 

20 comparatively great width can be provided com- 
paratively simply by this method, so that the ap- 
plication of the glass dispersion is simple, while 
moreover sawing-through is easy. 

Each pn junction must be provided with an 

25 electrode at an upper side of the separate semi- 
conductor t)ody in order to be able to connect the 
individual pn junctions in the separate semiconduc- 
tor t>odies. This may be done in that an electrode 
is provided selectively at the upper side of the 

30 semiconductor slice, for example, by means of 
photolithographlcal and etching techniques. In an 
advantageous embodiment of the invention, a con- 
ductive layer is provided on the main surface com- 
prising the depressions before the slice Is split up, 

35 after which the conductive layer is interrupted 
through the provision of grooves in the conductive 
layer at the areas of the depressions, which 
grooves extend Into the insulating layer, upon 
which the slice Is split up into separate semicon- 

40 ductor bodies. The grooves in the conductive layer 
need only be provided in those depressions which 
in the individual semiconductor bodies separate the 
pn junctions in the semiconductor body. During 
sp!itting-up of the slice into separate semiconductor 

45 bodies, the individual electrodes are then formed at 
the upper sides of the separate semiconductor 
bodies. 

Preferably, a slice of semiconductor material is 
used as the auxiliary slice, and splitting-up Is done 

50 through sawing, whereby the separate semiconduc- 
tor bodies are provided each with a plane sawcut 
surface which is suitable as a mounting surface for 
the semiconductor bodies, while the auxiliary slice 
has such a thickness that semiconductor bodies of 

55 standard dimensions for surface mounted devices 
are obtained. Sptittlng-up is done through sawing, 
for example wire sawing, for example perpendicular 
to a main surface of the slice of semiconductor 
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material. The semiconductor device is then imme- 
diately suitable for mounting on a pc-t>oard as a 
surface mounted device (SMD). When a slice of 
semiconductor material is used as the auxiliary 
slice with such a thickness that a surface mounted 
device of standard dimensions is obtained, mount- 
ing of a semiconductor device obtained by the 
method in standard machines becomes simple. 

The invention also relates to a semiconductor 
device comprising a semiconductor body with pn 
junctions extending parallel to its upper and lower 
surfaces and mutually separated by one or several 
depressions provided in the upper surface, so that 
the pn junctions form separate diodes which are all 
connected to a first region at one side of the pn 
junction adjoining the lower surface, while each 
individual diode is connected to a further region at 
the other side of the pn junction adjoining the 
upper surface, and walls of the depression are 
covered with a layer of insulating material. Accord- 
ing to ^e invention, this semiconductor device is 
characterized in that the semiconductor body com- 
prises an electrically conducting support body, 
preferably made of the semiconductor material, 
which forms part of the first region* while a recess 
is formed around the semiconductor body extend- 
ing up to the upper surface of the semiconductor 
t>ody and covered with a layer of insulating ma- 
terial. Compared with known semiconductor de- 
vices, this semiconductor device has the advantage 
that it can be manufactured by the method In- 
dicated above In a comparatively simple manner. In 
addition, the presence of the support body ensures 
a good electrical connection between the diodes. 

Preferably, the semiconductor device com- 
prises a first semiconductor body with two separate 
diodes with a first region acting as a common 
cathode and a second semiconductor body with 
two separate diodes with a first region acting as a 
common anode, while the first and the second 
semiconductor body are interconnected by two 
connecting strips between the further regions of the 
first and the second semiconductor body so as to 
form a bridge cell. A very compact bridge cell is 
created in this manner which is easy to manufac- 
ture by the method according to the invention. 

The Invention will be explained In more detail 
below by way of example with reference to draw- 
ings, in which: 

Figs. 1. 2 are cross-sections of a semiconductor 

slice in different stages of the method, 

Rg. 3 is a plan view of a semiconductor body 

manufactured by the method according to the 

invention, 

Rg. 4 is a cross-section taken on the line AA' in 
Rg. 3 of a semiconductor body made by the 
method according to the Invention, 
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Rgs. 5 to 9 show various stages in the manufac- 
ture of a semiconductor body by the method 
according to the invention, Rg. 7 being a plan 
view and Rgs. 5, 6, 8 and 9 being cross-sec- 
tions taken on the line AA' in Rg. 7. 
Rgs. 10, 11 are cross-sections of emljodiments 
of semiconductor bodies made by the method 
according to the invention, 
Rg. 12 is a perspective view of a semiconductor 
device made by the method according to the 
invention, with a semiconductor body mounted 
on a pc-board, and 

Fig. 13 is a perspective view of a semiconductor 
device made by the method according to the 
invention, with semiconductor bodies Intercon- 
nected so as to form a bridge cell. 
The Rgures are purely diagrammatic and not 
drawn to scale. Conresponding parts are generally 
given the same reference numerals in the Figures. 
20 Rgs. 1 to 4 show stages In a method whereby 
a pn Junction 2 extending parallel to main surfaces 
3,6 is provided in a slice of semiconductor material 
1 , after which depressions 4 are provided in a main 
surface 3 which cut through the pn junction 2, so 
25 that mutually separated pn junctions 2a, 2b, 2c are 
created, and the slice 1 is split up at some of these 
depressions 4a, 4c into separate semiconductor 
bodies 10 which comprise a number of the pn 
junctions 2a. 2b, a layer of insulating material 5 
30 being provided on walls of the depressions. 

Rg. 1 shows an n-type silicon slice 1 which Is 
provided with a p+-type and an n+-type doped 
surface zone 8 and 12, respectively, in usual man- 
ner, for example by diffusion into both main sur- 
as faces 3, 6, the zone 8 forming the pn junction 2 
with the n-type material of the slice 1. The depres- 
sions 4 are provided In that a portion of the surface 
of the slice 1 is covered with photoresist and the 
uncovered portion is etched away. The depressions 
40 4 have the shape of two systems of parallel 
grooves. The grooves of the one system have a 
longitudinal direction which is transverse to that of 
the other system. The pn junctions 2a, 2b, 2c are 
then present in rectangular mesa structures 9. The 
45 mesa structures 9 then comprise plane upper sur- 
faces or plateaus 11 surrounded by the depres- 
sions 4, the walls of the depressions 4 forming 
sides of the mesa structures 9 (see Fig. 2). 

The slice of semiconductor material 1 Is split 
50 up into separate semiconductor bodies 10 in that 
the slice 1 Is broken through at the area of each 
depression 4 in the one system and every other 
depression 4a. 4c in the other system (see Rg. 3). 
The depressions 4 cut through the pn junction 2, 
55 so that the pn junction 2 comes to the surface on 
wails of the depressions 4. An insulating layer 5. 
for example made of glass or oxide, is accordingly 
provided on these walls, for example, by known 
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techniques such as electrophoresis or chemical 
vapour deposition (CVD). A thin layer of insulating 
material (approximately 5-10 um thick) Is thus pro- 
vided on the wall of the depression 4. Figs. 3 and 4 
show a semiconductor body 10 made by the meth- 
od. Semiconductor material below the depression 
4b forms an electrical connection between regions 
8a. 8b at one side of the pn junctions 2a, 2b (Fig. 
4). The regions la, lb, 12a, 12b at the other side 
of the pn junctions 2a, 2b are insulated from one 
another by the depression 4b. Thus it is possible to 
manufacture, for example, a number of diodes pro- 
vided with a common anode or cathode. 

It is known to . manufacture semiconductor de- 
vices through the provision of depressions 4 in 
each of the two main surfaces 3, 6 of the slice of 
semiconductor material 1 , whereupon the slice 1 is 
split up Into semiconductor bodies 10 of two di- 
odes each. A layer of insulating material 5 is then 
provided on the walls of the depressions 4. Such a 
method has the disadvantage that the provision of 
the layer of insulating material 5 on the wails of the 
depressions 4 is difficult because it is provided 
after the slice 1 has been split up into separate 
semiconductor bodies 10. The semiconductor bod- 
ies 10 are comparatively small and therefore dif- 
ficult to handle. Since grooves are made in both 
main surfaces 3, 6 of the slice 1, moreover, the 
tx)dies must be provided with an insulating layer 5 
on both sides 3, 6. 

According to the invention, the depressions 4 
are provided in one main surface 3 only of the slice 
1, and the layer of insulating material 5 is depos- 
ited before the slice 1 is split up. The application of 
the insulating layer 5 on the walls of the depres- 
sions 4 can thus be carried out in a simple manner 
in that an insulating layer 5 is provided in all 
depressions 4 when the slice of semiconductor 
material 1 has not yet been split up into separate 
semiconductor bodies 10. One slice of semicon- 
ductor material 1 is easier to handle than many 
separate bodies 10. In addition, the said layer 5 
now need only be provided on walls of depressions 
4 in one main surface 3. It Is found to be not 
necessary in practice to cover surfaces 15 (see 
Rgs. 3. 4), which were created after splittlng-up of 
the slice 1, with the insulating layer 5. 

The slice of semiconductor material 1 Is weak- 
ened by the application of the depressions 4. 
When the semiconductor body is placed, for exam- 
ple, on a pc-board, the semiconductor body 10 
may fracture at the areas of depressions 4. Prefer- 
ably, the layer of insulating material 5 is provided 
to such a thickness in the method that the depres- 
sions 4 are practically entirely ftlled with insulating 
material 5 (see Rg. 4). The semiconductor body 10 
is much stronger now. so that problems in the 
placement of the semiconductor body are avoided. 



It is found in practice that the electrical connec- 
tion between regions 8a, 8b formed by semicon- 
ductor materia] below the depression 4b is often of 
an insufficiently low ohmic value. It is known to 

5 provide the semiconductor body 10 on an insulat- 
ing substrate which is provided with a conducting 
layer which interconnects the regions 8a and 8b in 
a sufficiently low-ohmic manner. In the method 
according to the invention, preferably, the slice is 

70 first fastened to an electrically conducting auxiliary 
slice 20, preferably made of the semiconductor 
material (see Rgs. 5 to 10). after which the auxil- 
iary slice 20 is split up together with the slice of 
semiconductor material 1 . 

;5 Figs. 5 to 10 show an embodiment of the 

method by which this semiconductor device is 
manufactured. Rg. 5 shows a slice of semiconduc- 
tor material 1 with an n-type doping provided with 
regions 12 and 8 which are n*^- and p*-type doped, 

20 respectively, so that a pn junction 2 is created 
t)etween the n-type slice 1 and the region 8. The 
slice of semiconductor material 1 Is fastened on a 
surface 22 of an electrically conducting auxiliary 
slice 20. A p"*"'^-type silicon slice is used, for exam- 

25 pie, as the electrically conducting auxiliary slice 20. 
The slice of semiconductor material 1 is fastened 
on the auxiliary slice 30. for example by alloying 
with a metal layer 23 of silver, p>alladium or alumin- 
ium, for example with an aluminium layer of ap- 

30 proximately 10 am thickness. For this purpose, an 
aluminium layer 23 of approximately 5 ixm thick- 
ness is provided on the auxiliary slice 20 and on 
the semiconductor slice 1, after which the slice 1 
and auxiliary slice 20 are placed against one an- 

35 other with their aluminium layers 23 and a heat 
treatment is carried out at approximately 700* C 
for approximately 10 minutes (see Fig. 6). Alter- 
natively, the metal layer 23 may obviously be pro- 
vided on one of the slices 1. 20. Since t)oth the 

40 region 8 adjoining the metal layer 23 and the 
material of the auxiliary slice have a p-type doping, 
and since aluminium gives a p-type doping upon 
diffusion into a silicon slice, a good electrical con- 
nection between the slice 1 and the auxiliary slice 

45 20 is formed. Subsequently, the depressions 4 are 
provided in that material is removed from the slice 
of semiconductor material 1 by bombardment with 
abrasive particles. In such a process, also called 
sand blasting or shot peening. as applicable, por- 

50 tons of the slice of semiconductor material 1 can 
be removed in a simple manner and with a com- 
paratively high accuracy. Those regions where the 
upper surfaces 11 of the mesa structures 9 are to 
be situated are covered on the slice of semicon- 

55 ductor material 1 during this, for example, by 
means of steel plates 29 which are glued to the 
surface 3 (see Rg. 7 for a plan view and Rg. 8 for 
a lateral view). The shape of the mesa structures 9 
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is determined by the shape of these plates 29. The 
uncovered surface of the slice of senaiconductor 
materia! 1 is then removed by blasting with, for 
example. AlaOs particles, after which the plates 29 
are removed through dissolving of the adhesive. 
Such a method has an additional advantage over, 
for example, an etching process that it is an envi- 
ronmentally comparatively clean method because 
the abrasive particles can be collected and re-used 
afterwards. The depressions 4 may continue, for 
example, into the auxiliary slice 20 and be so 
provided that the mesa structures 9 form individual 
semiconductor bodies which are still intercon- 
nected by the auxiliary slice 20 (see Rg. 8). 

The use of the auxiliary slice has an additional 
advantage. It is difficult in practice, when only a 
single slice of semiconductor material 1 is used, to 
make depressions 4 to such a depth that the pn 
junction 2 Is fully cut through. Only a slight de- 
viation in the depth of the depression 4 will result 
in fracture of the slice 1 or insufficient separation of 
the pn junction 2. It Is also found to be difficult to 
break the slice 1. Often the slice 1 will also break 
in depressions 4b which are to remain intact. The 
use of an auxiliary slice 20 considerably reduces 
these problems. 

In an advantageous emt>odiment of the method 
according to the invention, the layer of insulating 
material 5 is provided in that the depressions 4 are 
filled with a glass dispersion and the auxiliary slice 
20 together with the slice 1 is subsequently sub- 
jected to a heat treatment (see Fig. 9). Depressions 
4 can be provided In a comparatively simple man- 
ner to a comparatively great width 30 by means of 
the sand blasting process for providing the depres- 
sions 4, so that it is easy to provide the glass 
dispersion. The layer of insulating material 5 may 
then be provided in a simple manner with sufficient 
accuracy in the depressions 4 and with a sufficient 
thickness. Thus, for example, zinc-borate or lead- 
borate glass is deposited as a dispersion in the 
depression 4 from a dispensing device such as a 
nozzle. The dispersion remains in the depressions 
4 owing to its surface tension and does not spread 
over the upper surface 1 1 of the mesa structures 9. 
It is not necessary, therefore, to remove the layer 
of insulating material from, for example, the upper 
surfaces 11 of the mesa structures 9 by means of 
an etching treatment after the layer of insulating 
material 5 has been provided. The heat treatment 
is carried out for approximately 20 minutes at 720 • 
C. The glass dispersion is sintered by the elevated 
temperature of the heat treatment, so that the layer 
of insulating material 5 is given good insulating and 
passivating properties. 

In order to be able to connect the individual pn 
junctions 2a, 2b in the separate semiconductor 
bodies 10, each pn junction 2a, 2b at the upper 



side 11 of the mesa 9 must be provided with an 
electrode 26a, 26b (see Rg. 10). In an advanta- 
geous embodiment of the invention, a conductive 
layer 26 Is provided on the main surface 3 with the 

5 depressions 4 before the slice 1 is split up, after 
which the conductive layer 26 is interrupted at the 
areas of depressions 4b in that grooves 28 are 
provided in the conductive layer 26. which grooves 
extend into the insulating layer, after which the 

70 slice 1 is split up into separate semiconductor 
bodies 10 (see Rgs. 9, 10). The grooves 28 in the 
conductive layer 26 may be provided, for example, 
by etching or wire sawing. The grooves 28 need be 
provided only In these depressions 4b which In the 

75 separate semiconductor bodies 10 separate the pn 
junctions 2a, 2b in the semiconductor body 10. 
During sp!itting-up of the slices 1, 20, during which 
the separate semiconductor bodies 10 are formed, 
the separate electrodes 26a, 26b on the upper 

20 faces 1 1 of the mesa structures 9 are also formed. 
The electrodes 26a, 26b then overlap the layer of 
insulating material 5. When a voltage is applied 
across the semiconductor device, the overlap of 
the electrodes 26a, 26b over the layer of insulating 

25 material 5 provides the advantage that an electric 
field present in the semiconductor device is re- 
duced, especially adjacent the upper side 1 1 of the 
semiconductor body 10. 

The depressions 4 are provided to a certain 

30 width 30, and splitting-up is done by sawing, the 
width 30 of the depressions 4 being chosen to be 
greater than a sawcut 31 used during sawing (see 
Rg. 9). Such a width 30 of the depressions 4 
renders it possible to split up the auxiliary slice 20 

35 and the slice of semiconductor material 1 without 
the layer of insulating material 5 being damaged in 
those locations where the layer of Insulating ma- 
terial 5 Is provided over the pn junction 2. Sawing 
takes place from the upper side 3 of the semicon- 

40 ductor slice 1, Splitting-up can then be carried out 
to a higher accuracy because the depressions 4 
are visible and it can be Immediately checked 
whether the sawcut Is made in the correct position. 
Rg. 10 shows a semiconductor device which 

45 was manufactured by the method. The semicon- 
ductor device comprises a semiconductor body 10 
with pn junctions 2a, 2b extending parallel to its 
upper and lower surfaces and which are mutually 
separated by one or several depressions 4b pro- 

50 vided in the upper surface, so that the pn junctions 
2a, 2b form Individual diodes which are all con- 
nected to a first region 8a, 8b, 21 at one side of the 
pn junction 2a, 2b, which region adjoins the lower 
surface 6. while each individual diode is connected 

55 to a further region la, lb. 12a, 12b at the other 
side of the pn junction 2a, 2b, which further region 
adjoins the upper surface 3, while walls of the 
depression 4 are covered by a layer of insulating 
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material 5. According to the invention, the semicon- 
ductor body 10 comprises a electrically conducting 
support body 21. preferably made of the semicon- 
ductor material, which forms part of the first region, 
while a recess 4a. 4b Is formed around the semi- 
conductor body 10 extending up to the upper sur- 
face 3 of the semiconductor body 10 and covered 
by a layer of insulating material 5. The recess 4a. 
4c Is formed by the depression 4 after sawing- 
through of the slice 1 and the auxiliary slice 20. 
Compared with known semiconductor devices, this 
semiconductor device has the advantage that it can 
be manufactured by the said method in a compara- 
tively simple manner. In addition, the presence of 
the support body 21 ensures a good electrical 
connection between the diodes formed by the pn 
junctions 2a. 2b. The support body 21 is preferably 
made from the same semiconductor material as the 
semiconductor slice 1. No problems involving dif- 
ferences in coefficient of expansion owing to tem- 
perature will arise In that case. A semiconductor 
body with two diodes is made by the method 
described, the p-type regions 8a and 8b being 
interconnected by the support body 21. Two di- 
odes are thus created with a common anode. A 
semiconductor body with a common cathode may 
be manufactured in a simple manner in that the 
semiconductor body 1 is connected upside-down 
to the support body 21 (see Rg, 11). The slice of 
semiconductor material 1 is then so fastened on 
the auxiliary slice 20 that the n*-region 12 adjoins 
the p'*^^-auxlliary slice 20. No extra pn junction 
arises between the region 12 and the support body 
21 owing to the metal layer 23. Preferably, a dou- 
ble layer 23a, 23b is taken as the metal layer 23. 
such that an aluminium layer 23b adjoins the p- 
type doped material of the support body 21 and. 
for example, a molybdenum layer 23a adjoins the 
n-type doped material of the region 12, because 
molybdenum gives an n-type doping upon diffusion 
into a silicon slice. In addition, the molybdenum 
layer acts as a diffusion barrier against aluminium, 
so that aluminium cannot penetrate the n^-layer 
12a. 

The semiconductor device may be given a final 
mounting in a diode casing, for example, on a 
metal lead frame, and be provided with an en- 
velope of synthetic material. Preferably, a slice of 
the semiconductor material is used as the auxiliary 
slice 20, upon which splitting-up is done by sawing, 
so that the separate semiconductor bodies 10 are 
each provided with a plane sawcut surface 15 
which is suitable as a mounting surface 15 for the 
semiconductor bodies 10. the auxiliary slice 20 
having such a thickness that semiconductor k)odies 
10 of standard dimensions for surface mounted 
devices are obtained (see Fig. 12). Splittlng-up is 
done by sawing, for example, by wire sawing, in 



this case perpendicular to a main surface 3 of the 
slice of semiconductor material 1. The sawcut sur- 
face 15 is then so smooth and plane that it can be 
used as the mounting surface 15. The semiconduc- 

5 tor device is then suitable for direct mounting on a 
pc-board 50 as a surface mounted device (SMD). 
When a slice of semiconductor material of such a 
thickness is used for the auxiliary slice 20 that a 
surface mounted device of standard dimensions is 

70 obtained, mounting of a semiconductor device ob- 
tained by the method becomes readily possible 
with standard machines. The semiconductor device 
may be placed on a pc-board 50 with its mounting 
surface 1 5 and be glued with an adhesive 51 . after 

75 which conductor tracks 52, 53 and 54 on the pc- 
board 50 are electrically connected to the elec- 
trodes 26a. 26b and the support body 21, respec- 
tively, or to the electrode 27. if present (see Fig. 
12). An electrical connection to the conductor 

20 tracks 52, 53, 54 may be achieved, for example, 
with soldered joints 55, 56, 57. 

Preferably, the semiconductor device com- 
prises a first semiconductor body 110 with two 
Individual diodes sharing a first region 121 which 

25 acts as a common cathode and a second semicon- 
ductor body 210 with two individual diodes sharing 
a first region 221 which acts as a common anode, 
white the first and second semiconductor t)0dy 
110, 210 are Interconnected by two connection 

30 strips 150, 160 between the further regions 108a, 
108b of the first body 110 and the regions 112a, 
112b of the second semiconductor body 210 (see 
Rg. 13) so as to form a bridge cell. The region 
108a is here connected to the region 112a through 

35 the connection strip 150. and the region 108b to 
the region 112b through the connection strip 160. 
The two semiconductor devices may be mounted 
immediately next to one another. A very compact 
bridge cell Is obtained in this manner which is easy 

40 to manufacture by the method according to the 
invention. The bridge cell may be provided with an 
envelope of synthetic resin, if so desired, connec- 
tion wires being applied to the regions 121. 221 
and to the connection strips 150 and 160. 

45 Although certain techniques were used as de- 
scribed above, it will bo obvious that alternative 
techniques may be used without departing from the 
scope of the invention. The electrodes 26 and 27 
may be made from alternative conducting materials 

50 such as. for example solder instead of Ti-NI-Ag. 
The auxiliary slice 20 and the slice of semiconduc- 
tor material may also t>e fastened to one another 
by techniques such as wafer t>onding. The auxiliary 
slice may alternatively be made from a different 

55 conducting material than highly doped semicon- 
ductor material, for example, copper. The auxiliary 
slice and the slice of semiconductor material may 
be split up into bodies 10 at the areas of depres- 
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sions alternatively by means of, for example, 
breaking or etching of grooves, both from the up- 
per side 3 and from the tower side 6 of the slice 1 
or the auxiliary slice 20. 

The Invention Is not limited to the embodiment 
described above in which the semiconductor body 
10 comprises two diodes. The invention also ap- 
plies to semiconductor devices comprising semi- 
conductor bodies with more than two diodes. Thus 
semiconductor bodies 10 with more than two di- 
odes may be manufactured in a simple manner In 
that the semiconductor slice 1 is split up not 
through every second depression 4a. 4c, but 
through every third or fourth depression. Semicon- 
ductor bodies are created thereby comprising 1 x 

3, 1 X 4, etc diodes. Obviously, semiconductor 
bodies with, for example, 2 x 2. 2 x 3, or 3 x 3, etc 
diodes may also be manufactured. The semicon- 
ductor bodies may comprise further elements other 
than the pn junction 2. Thus, for example, resistors 
or transistors may also be realised in the mesa 
structures 9. 

Claims 

1. A method of manufacturing semiconductor de- 
vices whereby a pn junction extending parallel 
to main surfaces of a slice of semiconductor 
material is provided in said slice, after which 
depressions are provided in a main surface 
which cut through the pn junction, so that 
mutually insulated pn junctions are created, 
and the slice Is split up into separate semicon- 
ductor bodies at the areas of some of said 
depressions, each body comprising a number 
of the pn junctions, while a layer of insulating 
material is provided on walls of the depres- 
sions, characterized in that the depressions are 
provided in one main surface of the slice only 
and in that the layer of insulating material is 
provided before splittlng-up of the slice. 

2. A method as claimed in Claim 1, characterized 
In that the slice of semiconductor material Is 
fastened on an electrically conducting auxiliary 
slice, preferably made of the semiconductor 
material, before the depressions are provided, 
after which the auxiliary slice Is split up to- 
gether with the slice of semiconductor material. 

3w A method as claimed in any one of the preced- 
ing Claims, characterized in that the layer of 
insulating material is provided to such a thick- 
ness that the depressions are substantially en- 
tirely filled with insulating material. 

4. A method as claimed in Claim 3. characterized 
in that the layer of insulating material Is pro- 



vided through filling of the depressions with a 
glass dispersion and subsequently subjecting 
the auxiliary slice together with the slice to a 
heat treatment. 

5 

5. A method as claimed in any one of the preced- 
ing Claims, characterized in that depressions 
are provided to a certain given width and split- 
ting-up takes place through sawing, the width 

70 of the depressions being chosen to be greater 
than that of a sawcut used during sawing. 

6. A method as claimed in any one of the preced- 
ing Claims, characterized in that the depres- 

75 sions are provided through bombardment of a 

main suriace of the slice of semiconductor 
material with abrasive particles. 

7. A method as claimed in any one of the preced- 
20 ing Claims, characterized in that a conductive 

layer is provided on the main surface compris- 
ing the depressions before the slice is split up, 
after which the conductive layer is interrupted 
through the provision of grooves in the con- 
25 ductive layer at the areas of the depressions, 

which grooves extend into the insulating layer, 
upon which the slice Is split up Into separate 
semiconductor bodies. 

30 8. A method as claimed in any one of the Claims 
2 to 7, characterized in that a slice of semicon- 
ductor material is used as the auxiliary slice, 
and splittlng-up is done through sawing, 
whereby the separate semiconductor bodies 

35 are provided each with a plane sawcut surface 
which is suitable as a mounting surface for the 
semiconductor bodies, while the auxiliary slice 
has such a thickness that semiconductor bod- 
ies of standard dimensions for surface moun- 

40 ted devices are obtained. 

9. A semiconductor device comprising a semi- 
conductor body with pn junctions extending 
parallel to its upper and lower surfaces and 

45 mutually separated by one or several depres- 
sions provided in the upper surface, so that the 
pn junctions form separate diodes which are all 
connected to a first region at one side of the 
pn junction adjoining the lower surface, while 

50 each individual diode Is connected to a further 

region at the other side of the pn junction 
adjoining the upper surface, and walls of the 
depression are covered with a layer of insulat- 
ing material, characterized In that the semicon- 

55 ductor body comprises an electrically conduct- 
ing support tsody, preferably made of the 
semiconductor material, which forms part of 
the first region, while a recess is formed ar- 
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ound the semiconductor body extending up to 
the upper surface of the semiconductor body 
and covered with a layer of insulating material. 

10. A semiconductor device as claimed in Claim 9. 5 
characterized in that the semiconductor device 
comprises a first semiconductor body with two 
separate diodes with a first region acting as a 
common cathode and a second semiconductor 
body with two separate diodes with a first io 
region acting as a common anode, while the 
first and the second semiconductor body are 
interconnected by two connecting strips be- 
tween the further regions of the first and the 
second semiconductor body so as to form a 75 
bridge cell. 
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